Abstract
INTRODUCTION
Ulcerative colitis (UC) is a chronic inflammatory con dition of unknown etiology characterized by relapsing and remitting episodes of inflammation limited to the mucosal layer of the colon. The age and gender adjusted prevalence is 214 per 100000 persons in the United States [1] . The clinical presentation and course of UC is variable and in severe cases it can lead to colectomy [2, 3] . Unlike Crohn's disease (CD), in which several clinical and epidemiological factors at diagnosis are associated with a poor prognosis, there are limited prognostic indicators available at the time of UC diagnosis to predict the course of disease [4, 5] . It would be beneficial for physicians to have predictive markers available at the time of UC diagno sis that can help them identify a subset of patients likely to develop a more severe disease course in the future. These patients may be a potential target for early effective management strategies that can induce steroidfree remission and reduce the need of colectomy. Albumin is an example of a negative acute phase reactant and decreased levels may be found during inflammatory conditions. A chronic inflammatory condition like UC can affect albumin concentration in the body in several ways. Chronic inflammation is associated with a greater fractional catabolic rate (FCR) of albumin and it also increases the transfer of albumin out of the vascular compartment [6] . Also, other conditions associated with UC such as malnutrition and malabsorption can cause low albumin level [7] . We hypothesize lower albumin level is associated with higher inflammatory activities in UC and thus, may be associated with poor clinical outcomes related to higher inflammatory activity, such as higher chances of ≥ 2 courses of CS, ≥ 1 courses of thiopurines/antiTNF and colectomy. Previous studies have also shown that lower serum albumin level "at the time of UC exacerba tion" predicted treatment failure and colectomy [811] . However, none of the studies to our knowledge have reported the association of albumin level in newly diagnosed UC patients and disease severity over time. Also, most of the previous studies that have looked at prognostic markers at time of UC diagnosis were done prior to the widespread use of immunomodulators and biologics and primarily looked at colectomy as an outcome, while we looked at escalation of therapy and colectomy both.
Our aim in this study was to evaluate albumin level at the time of UC diagnosis as a predictive marker for longterm outcomes in a populationbased nationwide cohort of incident UC cases. To achieve this goal, we evaluated patients from the Department of Veterans Affairs (VA) which is the largest integrated health care system in the United States.
MATERIALS AND METHODS

Data source and study design
We conducted a retrospective cohort study in a previously validated nationwide inception cohort of UC patients [12, 13] from the VA Database. The VA is the largest integrated health care system in the United States serving approximately 8.3 million Veterans per year [14] . National VAwide data were obtained from the VA Pharmacy Benefits Management and Corporate Data Warehouse databases. This data source allows automated data extractions to collect information regarding patients' demographics, pharmacy records, medical diagnoses, laboratory findings and procedures. Individual patient records were then evaluated by two reviewers to extract the data. Our validated VA Database represents 48 states plus Puerto Rico and 118 sites across the country.
Study population
We used a previously validated cohort of newly diag nosed UC patients to conduct this study [12, 13] . Veterans who were seen and followed in the VA health care system from October 1, 2001, to October 1, 2011, were identified using International Classification of Diseases, Ninth Revision (ICD9) codes for UC (556.xx). We have used a definition that has been validated in previous studies by Khan et al [12, 13] to identify incident cases of UC in the VA system to form an inception cohort.
Inclusion criteria
(1) patients have ≥ 4 UC ICD9 codes in the VA database and ≥ 3 5ASA prescriptions; (2) patients have at least 20 encounters within the VA prior to the date of the first evidence of UC; (3) UC must be diagnosed after October 2001; (4) patients have their index scope in the VA system within 6 months of the first evidence UC; (5) did not have colectomy during the first attack of UC; (6) did not develop features of CD or inflammatory bowel disease unclassified (IBDU) over the course of the follow up; and (7) did not receive thiopurines or antiTNF agents within 90 days of initial UC diagnosis. The records of the patients identified in this cohort were then individually reviewed by two investigators to collect the relevant data. (Figure 1 ) The purpose behind requirement of > 20 encoun ters within VA system was to allow enough exposure to the health care provider after which any history of UC should have been recorded; furthermore, this helped ensure good adherence of the patients in seeking health care through the VA system and, subsequently, increased the validity of our outcome detection. The requirement of index colonoscopy within 6 mo of UC diagnosis helped to ensure that the reported UC diagnosis was based on endoscopic findings.
Exposure and follow-up
The exposure of interest was presence of hypoal buminemia defined as albumin level ≤ 3.5 g/dl at the time of UC diagnosis. All study patients were dichotomously categorized as having hypoalbuminemia (i.e., ≤ 3.5 g/dl) or normal albumin levels (i.e., > 3.5 g/dl) based on their laboratory tests results for albumin level at the time of UC diagnosis. For all patients, the followup began on the day of UC diagnosis and ended at the first of outcome occurrence, colectomy for UCrelated reason or for colorectal cancer, death, date of loss to followup (i.e., last documented contact in VA electronic medical records), or the last date of followup (i.e., October 2015).
Outcome
The outcomes were (1) the use of 2 or more courses of oral corticosteroids, separated by a three month time interval between the courses, during the follow up subsequent to the UC diagnosis; (2) use of thiopurines or antiTNFs during the follow up course; and (3) colectomy for UCrelated reasons during followup. Information regarding relevant medication prescriptions, occurrence of colectomy and the indi cation for colectomy was collected based on manual chart review. Medication data elements that were collected included: dispense dates and stop dates, refill dates. Medications dispensed for reasons other than UC and nonUC related colectomies were not included in the outcome.
Covariates
Covariate data collected by manual chart review included patients' demographic at the time of UC diagnosis, age, gender, race (i.e., Caucasian, African American, Hispanics, others, unknown), and extent of UC at index endoscopy based on Montreal classification (E0 = no involvement, E1 = proctitis, E2 = left sided disease till splenic flexure, E3 = right sided disease or pancolitis) [15] .
Statistical analysis
We report crude incidence rates (IRs) for colectomy for both exposure groups. The KaplanMeier analysis was conducted to generate the survival curves for each group. Multivariable Cox proportional hazards models including all covariates were used to estimate the adjusted hazard ratios (HR) along with 95%CIs for the risk of the respective outcome associated with baseline hypoalbuminemia. The PHassumption was tested using Schoenfeld's residuals for the treatment variable [16] and graphically. All analyses were conducted in STATA, version 14 (STATA Corp., College Station, TX, United States).
Biostatistics statement
The statistical methods of this study were reviewed by Dr. Yu-Xiao Yang who is affiliated with The University of Pennsylvania, Perelman School of Medicine as well as Corporal Michael J. Crescenz VA Medical Center in Philadelphia as an associate professor for medicine and epidemiology and also a senior scholar in the of hypoalbuminemia at UC diagnosis was associated with a significantly higher risk of receiving ≥ 1 course of thiopurine or antiTNF therapy during followup (adjusted HR = 1.72, 95%CI: 1.232.40) ( Figure 2A ).
≥ 2 courses of corticosteroid therapy
The incidence rate of receiving ≥ 2 courses of corti costeroid therapy was 3 per 100 personyear and 7 per 100 personyear among those without and with hypoalbuminemia at UC diagnosis, respectively. In the multiple variable Cox regression analysis, presence of hypoalbuminemia at UC diagnosis was associated with a significantly higher risk of receiving ≥ 2 courses of corticosteroid therapy during followup (adjusted HR = 1.7, 95%CI: 1.32.3) ( Figure 2B ). The median time between the use of first and second course of CS in patients with hypoalbuminemia at UC diagnosis was 11 mo compared to 14 mo in patients with normal albumin level at UC diagnosis (p = 0.06).
UC-related colectomy
The incidence rate of UCrelated colectomy was 0.7 department of epidemiology and biostatistics.
RESULTS
The eligible study cohort included 802 patients. Among them, 209 patients had received ≥ 2 courses of corticosteroid therapy and 178 patients had received at least one course of thiopurine or antiTNF therapy during follow up duration. In addition, 48 underwent colectomy for UCrelated reasons during the followup. Baseline albumin level was not checked in 92 (11.4%) patients, leaving 710 patients available for analysis (Table 1) . Of 710 patients, 174 patients (24.5%) had hypoalbuminemia (albumin level ≤ 3.5 gm/dl) and 536 patients (75.5%) had normal albumin level (> 3.5 gm/dl) at new diagnosis of UC.
≥ 1 course of thiopurine or anti-TNF therapy
The incidence rate of receiving ≥ 1 course of thiopurine or antiTNF therapy was 3 per 100 personyear and 6 per 100 personyear among those without and with hypoalbuminemia at UC diagnosis, respectively. In the multiple variable Cox regression analysis, presence 37191 patients were identified in the VA database using criteria of one UC ICD-9 code with time frame per 100 personyear and 1.2 per 100 personyear among those without and with hypoalbuminemia at UC diagnosis, respectively. In the multiple variable Cox regression analysis, presence of hypoalbuminemia at UC diagnosis was not statistically associated with a higher risk of UCrelated colectomy during followup, but showed a higher trend of colectomy in the future (Adjusted HR = 1.7, 95%CI: 0.903.25) ( Figure 2C ).
Use of 5-ASA and their relation with low albumin level
Of 174 patients who had low albumin level (≤ 3.5 gm/dl) at UC diagnosis, 72 patients (41.4%) used oral formulation of 5ASA only, 4 patients (2.3%) used rectal formulation of 5ASA only, and 98 patients (56.3%) used both oral and rectal formulation of 5ASA during the follow up course.
DISCUSSION
Utilizing a large nationwide population based cohort of newly diagnosed UC patients, we found that low albumin level (≤ 3.5 gm/dl) in newly diagnosed UC Khan N et al . Albumin prognosticating UC
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patients is a poor prognostic indicator. It is associated with the higher likelihood of requiring ≥ 2 courses of CS and ≥ 1 course of thiopurines or antiTNF medications over the course of disease. Also, our result showed a trend of higher chances of colectomy in the future in patients with lower albumin level at disease diagnosis compared to patients with normal albumin level. Different clinical and epidemiological factors in newly diagnosed UC patients have been studied as prognostic indicators in UC at diagnosis (younger age [17, 18] , extensive colitis at diagnosis [17] , nonsmoker [19, 20] , higher ESR [17] , and early use of CS [12] ). Our goal was not to replace these established factors but to find an additional factor which is routinely available, easily measurable and a part of initial laboratory work up in newly diagnosed UC patients. Our study is the first study, to our knowledge, to evaluate the prognostic role of albumin level in newly diagnosed UC patients in predicting disease outcome. Additionally, in contrast to most previous studies we have not just looked at colectomy as an endpoint but have also evaluated the use of immunomodulators and biologics which are being increasingly used. In conjunction with other above mentioned factors albumin levels at the time of UC diagnosis could be used to develop a comprehensive prediction model to prognosticate the disease course.
Goals of UC management are induction and main tenance of steroid free remission as well as preventing the development of colorectal cancer or colectomy in the future [21] . Multiple populationbased studies focusing on natural history of UC showed that rates of CS use range from 34% to 63% over a variable period of follow up ranging from 1 year to 7 years [12, 2226] . Among patients who require one course of CS therapy, almost half never required further CS therapy and remained in prolonged remission [22, 23] . Thus, almost ¾ th of UC patients have less aggressive phenotype of disease. It is the remaining group of patients which requires ≥ 2 courses of CS therapy that have a poor prognosis. It is for this reason that we used ≥ 2 courses of CS as one of our outcomes to predict poor prognosis. These patients would frequently require thiopurines as well as biologics and may even require colectomy to control their disease [12, 2224] . It is thus appropriate for physicians to recognize a subset of patients at diagnosis who will have a high propensity for aggressive disease in the near future.
Albumin has never been evaluated as a prognostic marker for long term disease outcomes, but has been evaluated as a marker for response to therapy. Hypoalbuminemia in acute severe UC predicts treatment failure and colectomy [811] within the same hospitalization. Furthermore, low serum albumin level during disease course is associated with thiopurine failure [27] and non responding to antiTNF therapy in UC patients [28] .
Our study is the first study to evaluate the role of low albumin to severe long term disease outcome. Our study showed that hypoalbuminemia defined as ≤ 3.5 gm/dl, at the time of disease diagnosis is a poor prognostic indicator. Multivariate analysis showed patients with hypoalbuminemia at diagnosis are associated with almost twofold increase in ≥ 2 courses of CS use and almost twofold increase in thiopurine or anti TNF use than patients with normal albumin level at diagnosis. Furthermore, low albumin level at diagnosis shows a trend of higher chances of colectomy in the future disease course.
Identifying prognostic factors at the time of diag nosis can assist in disease management. Patients with low albumin levels at UC diagnosis could potentially benefit from higher dose of 5ASA at disease onset. However, no trials have specifically looked at 5ASA dosing based upon risk-stratification at the time of UC diagnosis to induce remission and prevent relapses in the future. This is an area of further research. However, in the absence of such data, a metaanalysis from Ford et al [29] on the use of 5ASA in UC patients showed that higher dose of 5ASA in quiescent UC appears to reduce the risk of disease relapse than lower dose of 5ASA.
[Relative risk (RR) of relapse = 0.79, 95%CI: 0.640.97, p = 0.02]. Additionally, it has been shown that combination therapy with oral and rectal 5ASA products is more effective than oral alone. A study by d'albasio et al [30] on efficacy of a combination of oral and rectal 5-ASA for the maintenance treatment of ulcerative colitis showed that patients in combined group had lower relapse rate than patients in oral treatment group alone. (39% vs 69%, p = 0.036). Other studies [31, 32] showed that combined therapy with oral and rectal formulation of 5ASA is superior to oral formulation alone for induction of remission and improving endoscopic and histologic severity in extensive mild tomoderate active UC. In our study, only 56% patients with low albumin level were treated with a combination of oral and rectal 5ASA therapy. We suggest that the finding of low albumin level should prompt all physicians to prescribe combination therapy with an aim to preventing recurrent steroid use and immunosuppressive agents.
Adherence with medications has been identified as the key factor in maintaining disease remission in UC. A study by Kane et al [33] showed that nonadherence to a prescribed regimen of 5ASA dramatically increased the risk of symptomatic relapse (61% vs 11%, p = 0.001). 30%45% of UC patients showed nonadherence to oral medication. A study by Hawthorne et al [34] showed that a combination of educational and behavioral strategies tailored to individual patient optimized 5ASA adherence in UC patients. We suggest that patients with a low albumin level at disease diagnosis will help guide patientphysician discussion of the disease course, which in turn will lead to improve medication compliance and decrease flare rates in the future. Also, patients with a low albumin level at disease diagnosis may benefit from more frequent monitoring through clinical follow up and evaluation of different biomarkers. There are certain limitations in our study. In utilizing the VA data base, we had to conduct a retrospective study which has its own inherent limitations. Certain demographic characteristics such as smoking status which may impact disease course are not uniformly recorded. The VA population is predominately composed of males, which could potentially limit the gener alizability of the findings to females. However, none of the previous studies has shown that gender plays a role in the prognosis of UC. Because we used the VA pharmacy database to estimate corticosteroid/ thiopurine/biologics exposure rates, prescriptions filled outside the VA were not captured by our analysis. We anticipate the magnitude of such misclassification to be negligible as previous reports have shown that veterans have very good adherence in using the VA pharmacy [3537] . Furthermore, all veterans included in this study had to have more than 20 visits prior to UC to ensure and maximizing the chance that they receive all their medical care within the VA system. Our cohort is comprised of only 802 patients with newly diagno sed UC in nationwide VA database (2.2% of total populations and 5.7% of the population meeting first inclusion criteria). There are various reasons behind this. Approximately half the veterans in VA systems are from Vietnam and Korean War. Thus, they most likely developed their UC prior to 2001. Also, veterans from the first Gulf war who form a large percentage of the remaining block also probably developed UC prior to 2001. A large proportion of veterans are diagnosed with UC while they are still in service and once they retire and join the VA, they already have a UC diagnosis. There is also a group of patients who do not get their clinical care at the VA but only use it to obtain medicines. We required all our patients to have an endoscopy in the VA. We also required all our patients to have > 20 visits in VA prior to UC diagnoses plus ≥ 4 UC ICD9 codes and ≥ 3 5ASA prescription, in order to increase the validity of our cohort and to ensure good adherence of the patients in seeking health care through the VA system.
The strength of this study was based on population representative nationwide VA data rather than data from tertiary centers, thus minimizing the likelihood of referral bias. We had patients from 118 sites spanning 48 states including Puerto Rico. We had complete records on all the patients including endoscopic and pathological records. To our knowledge this is the largest cohort of UC patients and the first multicenter nationwide study conducted in the US. Patients were followed for the median observation period of 8 years to identify CS use, thiopurine use, antiTNF use and colectomy after their UC diagnosis.
In conclusion, we observed that low albumin at disease diagnosis was associated with a more severe subsequent disease course of UC. Assessing albumin levels at UC diagnosis could help physicians identify patients who may require escalation of therapy and closer follow up.
ARTICLE HIGHLIGHTS
Research background
Ulcerative colitis (UC) has a variable clinical course ranging from disease remission to a severe exacerbation leading to colectomy. It is very difficult to predict the disease course at the time of UC diagnosis. There are several clinical and epidemiological factors available for Crohn's disease to predict the disease course, but there are limited prognostic markers available at the time of UC diagnosis. We believe that identifying these predictive markers will help physicians identify a subset of patients likely to develop a more severe disease course in the future and subsequently manage them more effectively at disease onset. Inflammatory activity of UC can lower albumin level by various mechanisms, such as malnutrition, malabsorption, greater fractional catabolic rate of albumin and increase transfer of albumin out of the vascular system. In view of this, we hypothesized that hypoalbuminemia at the time of UC diagnosis can be predictive of a more severe disease course of UC. Previous studies have shown that lower serum albumin level "at the time of UC exacerbation" predicted treatment failure and colectomy but none of these studies have looked at the level of albumin at the time of UC diagnosis and its relationship with the clinical course of the disease.
Research motivation
It is very hard to predict the disease course at the time of UC diagnosis. There are limited numbers of prognostic factors available to determine the course of UC at the time of diagnosis. None of the studies have considered the role of albumin in predicting UC course which is easy to measure on routine blood work by general practitioner as well as gastroenterologist. We thought that by identifying this new prognostic factor that can predict the course of UC at the time of UC diagnosis, it would be helpful for the physicians to identify a subset of patients at high risk of developing severe course and manage them more effectively early on in the disease course. In future studies, the impact of more aggressive therapy at the time of UC diagnosis among patients with poor prognostic factors could be evaluated.
Research objective
Our main objective was to identify a new prognostic marker which is cheap, reliable and readily available at the time of UC diagnosis that predicts the longterm clinical course of the disease. We hypothesized that hypoalbuminemia at the time of UC diagnosis is associated with a more severe disease course of UC. We were able to show that that low albumin at disease diagnosis was associated with a more severe subsequent disease course of UC. This in conjunction with other prognostic markers would help us identify a subset of UC patients who will eventually develop severe disease. This subset may benefit from closer follow up and early escalation therapy. The impact of early escalation of therapy can be evaluated in future studies.
Research method
We conducted a nationwide retrospective cohort study of newly diagnosed UC patients followed in the VA healthcare system. These patients were divided into 2 groups based on their albumin levels at the time of UC diagnosis, i.e., hypoalbuminemic (≤ 3.5 gm/dl) or normal albumin levels (> 3.5 gm/dl). Our outcomes of interest were 1) the use of 2 or more courses of oral corticosteroid, separated by a three month time interval between the courses; (2) use of thiopurines or anti-TNFs; and (3) colectomy for UC-related reasons during the clinical course of their UC. We also included other covariate data like patient demographics as well as the extent of UC at index colonoscopy based on the Montreal classification. We then subjected this data including all the covariates to statistical analysis and evaluation using the multivariate cox proportional hazard models to estimate the adjusted Hazard ratio (HR) along with 95%CI. The Kaplan Meier analysis was also conducted. The pH assumption was tested using Schoenfeld's residuals. All this analysis was done using the STATA software, version 14 (STATA Corp., College Station, TX, United States).
ARTICLE HIGHLIGHTS
Research results
Our cohort included 710 newly diagnosed UC patients who had their albumin levels checked at the time of diagnosis and amongst them, 174 patients, i.e., 24.5% had hypoalbuminemia. It was observed that there was a higher predilection to ≥ 2 courses of CS use as well as thiopurine or anti-TNF use during the clinical course of disease among hypoalbuminemic patients. The chances of requiring subsequent colectomy were also higher in this group, although it was not statistically significant. Thus, we identified a new factor that is readily available and measurable at the time of UC diagnosis which can prognosticate the disease course. The problem that needs to be resolved is the impact of more aggressive therapy at the time of UC diagnosis among patients with poor prognostic factors on the clinical course of the disease.
Research conclusions
low albumin at disease diagnosis was associated with a more severe subsequent disease course of UC. People with poor prognostic factors may benefit from aggressive therapy at onset of disease. We outlined the clinical and epidemiological factors in newly diagnosed UC patients which have been studied as prognostic indicators in UC at the time of diagnosis. This study identified a new prognostic factor which is readily available to predict the disease course of UC at the time of diagnosis. We hypothesized and confirmed that albumin level at the time of disease diagnosis can predict disease course of UC. Assessing albumin levels at UC diagnosis could help physicians identify patients who may require escalation of therapy and closer follow up.
Research perspectives
By using a large nationwide cohort of patients, we were able to identify a new prognostic factor to determine the clinical course of UC. This was made possible by having complete medical records and long duration of follow up. Using other large nationwide cohorts future studies may be able to identify other predictive factors. The future research should address the impact of more aggressive therapy at the time of UC diagnosis among patients with poor prognostic factors on the clinical course of the disease. The methodology that was employed by us can be utilized in future research.
